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ABSTRACT 

Expansive  soils  have  the  ability  to  swell  and  shrink ,  which  causes  lots  of  structural  damages.  In  the  present 
scenario ,  soil  is  stabilized  using  different  waste  materials  in  order  to  improve  its  strength.  In  this  study ,  fly  ash  and  fibers 
were  mixed  with  soil  to  investigate  the  relative  strength  gain  in  terms  of  California  bearing  ratio  tests.  The  effect  of  fly 
ash  and  fibre  on  geotechnical  characteristics  of  soil  -  fly  ash  and  soil-fly  ash-  fibre  mixtures  was  investigated  by 
conducting  standard  proctor  compaction  tests ,  CBR  tests.  The  tests  were  performed  as  per  Indian  standard  specifications. 
The  soil  used  for  the  study  was  brought  from  Doultabad  of  Medak  district.  The  physical  properties  of  the  soil  were 
determined  as  per  IS  specifications.  Fly  ash  for  the  study  was  brought  from  Raichur,  Karnataka.  An  experimental  study 
was  carried  out  to  determine  the  compaction  characteristics  and  California  bearing  ratio  of  soil  and  fly  ash  mixed  with 
discrete  fibre  of  12mm  length.  The  results  obtained  from  the  study  indicate  that  the  addition  of  fly  ash  and  fibre  to  soil 
increases  the  California  bearing  ratio  values  when  compared  to  that  of  unreinforced  soil. 
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INTRODUCTION 

In  pavements,  Sub-grade  is  the  most  important  element  which  is  compacted  before  construction  of  road  or 
railway  track.  The  sub-grade  must  be  able  to  support  the  loads  transmitted  from  the  pavement  structure. 
This  load  bearing  capacity  is  affected  by  moisture  content,  degree  of  compaction  and  type  of  soil 

A  sub  grade,  which  supports  huge  amount  of  loads  without  undergoing  any  deformations,  is  considered  to 
be  good.  As  expansive  soils  are  weak  in  strength  and  have  the  ability  to  swell  and  shrink  in  various  parts  of  the 
world  there  is  every  need  to  improve  the  strength  by  reinforcing  the  soil. 

BACKGROUND 

Stabilization  of  soils  using  different  admixtures  is  a  technique  used  since  primitive  ages.  Many  researchers 
have  used  fly  ash  and  polypropylene  fibers  as  a  reinforcing  material  for  the  stabilization  of  soil. 

Sharma.  R.  K.  (2012)  have  determined  the  behavior  of  expansive  soil  mixed  with  fly  ash  and  Recron  3S 
fibre.  The  properties  like  grain  size  distribution,  moisture  density  relation  and  CBR  are  studied  for  soil  mixed  with 
fly  ash  in  the  range  of  20-80%.  The  mixture  of  soil  with  30%  fly  ash  has  been  selected  for  further  modification  with 
fibre  content.  The  CBR  of  various  soil  samples  were  determined  under  soaked  and  unsoaked  conditions. 
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Mamta  Mishra,  Maheshwari.  U.  K.,  and  Saxena.  N.  K.  (2016)  have  conducted  various  tests  on  soil  in  order  to 
improve  the  strength  of  weak  soil  using  fly  ash  and  fiber,  due  to  which  the  load  bearing  capacity  of  soil  can  be  improved 
and  further  it  can  be  used  for  pavements  and  other  road  construction  works. 

Pooja  Upadhyay,  Kshama  Singh(2018)  used  FLY  ASH  AND  COIR  FIBER  as  reinforcing  materials  for 
stabilization  of  soil  due  to  which  the  strength  of  soil  has  improved  and  strong  sub  grades  were  formed  without  any 
deformations. 

Kuldeep  Singh  Chouhan,  Rajesh  Jain.  (2015)  have  determined  the  Effect  of  FlyAsh  and  Fibre  on  Index  Properties 
of  Black  Cotton  Soil 

Sowmya  Ratna.  P.,  Prasad.  D.  S.  V.,  Prasada  Raju.  G.  V.  R.  (2016)  have  determined  the  Performance  of  Recron- 
3s  Fiber  with  Lime  in  Expansive  Soil  Stabilization 

MATERIALS  AND  METHODS 

Materials 

The  locally  available  soil  is  reinforced  using  fly  ash  and  fibers.  In  which,  fly  ash  is  a  waste  material  obtained  by 
burning  of  coal  in  thermal  power  plants.  The  present  fly  ash  used  in  the  study  was  bought  from  Raichur,  Karnataka. 
This  material  when  added  to  soil  will  improve  the  strength  of  soil.  Polypropylene  fiber  is  a  geo  synthetic  material. 
It  is  mainly  used  as  reinforcing  material  in  sub  bases  or  sub  soils  below  pavements.  They  are  available  in  lengths  of  6mm, 
12mm  and  24mm.  The  fiber  reinforcement  causes  significant  improvement  in  tensile  strength,  shear  strength,  bearing 
capacity  and  other  property  as  well  as  economy. 


Figure  1:  Fly  Ash  Polypropylene  Fibers 


The  locally  available  soil  is  taken  for  testing  purposes.  The  particle  size  distribution  of  the  soil  was  determined  by 
sieve  analysis  as  per  IS  2720. 


Table  1:  Properties  of  the  Soil  used  for  the  Study 


Sample  Area 

Doultabad 

Gravel 

0 

Sand 

44.12 

Fines 

55.88 

Liquid  limit 

43% 

Plastic  limit 

29% 

Specific  gravity 

2.63 

Differential  Free  Swell 

75%(Very  High) 
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Various  tests  were  performed  in  order  to  characterize  the  soil  and  the  properties  are  given  in  Table  1.  The  soil  has 
about  around  55%  fines,  Liquid  limit  of  43  %,  Plastic  limit  of  29  %,  Specific  gravity  of  2.63  and  a  differential  free  swell  of 
75%,  making  the  clay  a  highly  compressible  clay  which  is  denoted  by  CH.  Compaction  tests  are  conducted  to  determine 
the  amount  of  compaction  and  water  content  required  in  the  field.  The  water  content  at  which  the  maximum  dry  density  is 
attained  is  obtained  from  the  relationships  provided  by  the  tests.  A  compaction  curve  is  plotted  between  the  water  content 
as  basic  and  corresponding  dry  density  as  ordinate.  The  optimum  water  content  of  21%  and  the  maximum  dry  density  of 
1.46  g/cc  are  used  from  the  compaction  curve  of  Figure  2. 


Test  Setup  and  Testing  Methodology 
Test  Set  Up 

For  testing  the  material,  the  CBR  test  set  up  having  a  load  frame  of  capacity  50  kN  is  used.  It  has  a  plunger 
diameter  of  50  mm.  The  plunger  in  the  CBR  test  penetrates  the  specimen  in  the  mould  at  the  rate  of  1.25mm  per  minute. 
The  loads  required  for  the  penetration  of  2.5mm  and  5.0mm  are  determined.  The  penetration  load  is  expressed  as  a 
percentage  of  the  standard  loads  at  the  respective  penetration  level  of  2.5mm  or  5.0mm. 

The  load-Penetration  curve  is  plotted  and  then  the  corrected  loads,  after  zero  correction,  corresponding  to 
penetration  of  2.5mm  and  5.0mm  are  determined.  The  loads  required  for  the  penetration  of  2.5mm  and  5.0mm  are 
determined.  The  penetration  load  is  expressed  as  a  percentage  of  the  standard  loads  at  the  respective  penetration  level  of 
2.5mm  or  5.0mm.  The  CBR  value  is  determined  corresponding  to  penetration  of  2.5mm  and  5.0mm. 
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Figure  3:  CBR  Experimental  Set  up 
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Methodology 

The  laboratory  tests  were  carried  out  in  two  stages 

•  Reinforcement  of  soil  with  fly  ash  by  varying  percentage  of  10%,  20%,  30%,  40%  and  50%. 

•  Reinforcement  of  soil  with  20%fly  ash  and  varying  fibre  content  in  percentages  of  0.5%,  1.0%,  1.5%. 

Tests  were  conducted  as  per  Indian  Standards.  In  the  first  stage  of  process  IS  light  compaction  tests  were 
conducted  for  soil  blended  with  flyash  of  varying  percentages  i.  e.  0%,  10%, 20%, 30%, 40%, 50%,  and  from  the  test  the 
optimum  moisture  content  and  dry  density  were  determined.  The  optimum  moisture  content  obtained  from  the  test  is  used 
for  conducting  CBR  for  soil  blended  with  flyash  in  percentages  of  0%,  10%, 20%, 30%, 40%,  and  50%. 

In  the  second  stage  of  investigation,  the  effect  of  fibre  content  on  the  soil  blended  with  20%  fly  ash  is  determined 
by  conducting  Compaction  tests  and  CBR.  The  fiber  was  added  in  percentages  of  0.5%,  1.0%,  1.5%. 

RESULTS  AND  DISCUSSIONS 

Effect  of  Fly  Ash  and  Fiber  on  Compaction  Characteristics  of  Soil 

IS  light  Compaction  tests  were  conducted  on  soil  mixed  with  varying  proportions  of  0%,  10%20%30%40%  and 
50%.  The  test  is  conducted  as  per  IS:  2720,  Geotechnical  engineering  laboratory  code.  As  per  IS  recommendations,  the  test 
consist  of  a  mould  of  1000ml  capacity,  and  a  2.6  kg  rammer  falling  from  a  height  of  310mm. 

The  test  was  conducted  by  compacting  the  sample  in  3  layers,  where  each  layer  was  given  25  blows  using  2.6kg 
rammer  at  varying  water  contents.  By  performing  the  tests,  the  optimum  moisture  content  and  maximum  dry  density  of 
0%,  10%, 20%, 30%, 40%  and  50%  flyash  blended  with  soil  were  determined.  It  was  observed  that  the  maximum  dry  density 
of  soil  initially  increases  and  then  starts  reducing.  The  MDD  was  found  to  be  maximum  for  80%  soil  and  20%  fly  ash 
proportion.  Figure  4  shows  the  variation  of  MDD  with  fly  ash  content. 


And  to  this  proportion  of  soil  blended  with  20%  fly  ash,  fiber  content  is  added  in  percentages  of  0.5%,  1.0%, 
1.5%  and  compaction  tests  were  conducted.  From  the  tests,  it  was  observed  that  the  maximum  dry  density  of  soil-  fly  ash 
mixed  with  fiber  initially  increases  till  1.0%,  after  which  it  decreases.  For  1.0%  fiber  content  in  the  blend  of  soil  with  20% 
fly  ash,  the  MDD  value  was  found  to  be  maximum  Figure  5  shows  the  variation  in  MDD  with  fibre  content. 
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Figure  5:  Variation  of  MDD  with  Fiber  Content 


Effect  of  Fly  Ash  and  Fiber  on  Strength  Characteristics  of  Soil 

California  Bearing  Ratio  tests  (CBR)  were  conducted  on  soil  mixed  with  fly  ash  in  varying  percentages.  The  CBR 
samples  was  compacted  to  its  OMC  and  MDD,  which  were  obtained  from  IS  light  compaction  tests.  The  CBR  samples 
were  tested  in  soaked  conditions.  It  was  observed  from  the  study  that  CBR  value  initially  increases  and  then  starts 
decreasing.  The  maximum  value  of  CBR  was  obtained  for  80%  Soil  and  20%  fly  ash.  Figure  6  shows  the  variation  of  CBR 
with  varying  percentages  of  fly  ash  in  soil. 


Further,  CBR  tests  were  conducted  on  80%soil-20%  Fly  ash  mix  blended  with  varying  percentages  of  fiber.  From 
the  tests,  it  was  found  that  the  CBR  value  initially  increases  till  1.0%  fiber  and  then  starts  decreasing.  The  maximum  CBR 
value  was  found  to  be  for  fibre  content  of  1.0%  in  the  blend  of  soil  with  20%  fly  ash.  The  variation  in  CBR  with  fiber  is 
shown  in  figure  7. 
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The  comparisons  of  CBR  graphs  i.  e.,  load  Vs  penetration  for  unreinforced  soil,  soil  reinforced  with  20%  fly  ash 
and  soil  with  20%  fly  ash  blended  with  1.0%  fiber  were  shown  in  Figure  8. 


Figure  8:  Comparison  of  CBR  Graphs  (Variation  of  Load  with  Penetration) 


CONCLUSIONS 

From  the  series  of  tests  performed  the  following  conclusions  were  drawn 

•  Addition  of  fly  ash  and  fiber  to  soil  can  be  used  for  improving  the  strength  of  the  sub  grade. 

•  By  adding  the  fly  ash  to  soil  in  varying  percentages,  the  MDD  of  the  sample  initially  increases  and  then  start 
decreasing.  The  Maximum  dry  density  was  found  to  bel.68g/cc  for  80%  soil  and  20%  fly  ash  proportion. 

•  By  adding  the  fly  ash  to  soil  in  varying  percentages,  the  CBR  value  of  the  sample  initially  increases  and  then 
starts  decreasing.  The  Maximum  CBR  was  found  to  be  6.77  for  80%  soil  and  20%  fly  ash  proportion 

•  From  the  results  it  can  be  observed  that  the  mixture  of  80%  soil  and  20%  fly  ash  is  the  best  proportion  having 
maximum  dry  density  and  maximum  CBR  value. 

•  Based  upon  the  study  it  can  be  concluded  that  the  addition  of  fibers  to  had  a  great  influence  on  the  engineering 
behavior  of  soil-  fly  ash  mixture. 
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•  On  addition  of  fiber  to  soil  with  20%  fly  ash  mixture  in  varying  percentages,  the  Maximum  dry  density  initially 
increases  and  then  reduces,  the  maximum  dry  density  was  found  to  be  1.72g/cc  for  1.0%  fiber. 

•  On  addition  of  fiber  to  soil  with  20%  fly  ash  mixture  in  varying  percentages,  the  CBR  value  initially  increases  and 
then  reduces,  the  maximum  CBR  value  was  found  to  be  11.33  for  1.0%  fiber. 

•  Based  upon  the  results  it  can  be  concluded  that  the  sample  containing  80%soil,  20%  fly  ash  and  1.0%  fiber  is  the 
best  combination  and  can  be  used  for  road  constructions  and  embankments. 

•  The  maximum  CBR  obtained  for  reinforced  soil  is  1 1.33.  The  strength  of  soil  increased  and  theCBR  values  of  the 
reinforced  increased  by  4  times  when  compared  to  unreinforced.  The  local  soil  reinforced  with  flyash  and  fiber 
can  be  used  for  laying  roads  and  embankments. 
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